The role that nitric oxide may play in modulating graft function in long-term fetal ventral mesencephalic grafts in an animal model of Parkinson's disease was investigated. Mature grafts harvested from the entire fetal ventral mesencephalon possessed a large number of neuronal nitric oxide synthase (nNOS)/NADPHdiaphorase-containing neurons throughout the graft intermingled with dopaminergic neurons. The morphological and neurochemical characteristics of these NADPH-diaphorase neurons resembled those in centers adjacent to the substantia nigra of adult brain but not that of the striatum. Pretreatment with the nNOS blocker, 7-nitroindazole, resulted in contralateral rotations following methamphetamine challenge in longterm grafted animals that previously showed normalized rotational behavior. In contrast, mature grafts derived from fetal ventral mesencephalon without the midline areas possessed only a few nNOS-containing neurons within the grafts, and a similar methamphetamine challenge following 7-nitroindazole pretreatment in long-term grafted rats that previously showed normalized rotational behavior resulted in random movements. Our results indicate that nitric oxide-containing neurons inadvertently included during grafting may affect graft function, and excluding the midline areas of the ventral mesencephalon during tissue harvesting may minimize this effect.
INTRODUCTION
shown that nitric oxide (NO) can suppress dopamine release in nigrostriatal neurons of the normal brain (28) . In addition, ample evidence indicates that NO interferes Transplantation of fetal mesencephalic tissue has been widely used in animal models of Parkinson's dis-with mitochondrial function in dopaminergic neurons and it may facilitate the ongoing neurodegenerative ease (PD) and as an alternative therapeutic approach in treating patients with PD (8,11,12,18,22,23,27,32-34, process in PD (4, 5, 15, 16, 19, 21) . Therefore, the NOScontaining neurons seen within the graft may interfere 37, 43, 54) . Grafted fetal neurons survive, differentiate, establish appropriate synaptic connections with host with graft function and augment the ongoing degenerative process. The NOS-containing neurons identified neurons, and restore a number of neurochemical and behavioral deficits that accompany striatal dopamine within mature grafts in our previous study may have been inadvertently included with the grafted fetal tissue. depletion (2, 13, 22, 27, 34, 37, 39, 43, 45, 49) . Despite many improvements made in transplantation procedures, graft-Typically in rats, donor tissue is harvested from the ventral mesencephalon of E14 embryos (20) . The ven-induced behavioral recovery is far from complete (29, 35, 36) . Poor survival of grafted fetal dopaminergic neu-tral two thirds of the entire rostrocaudal extent of the mesencephalon is dissected out and made into a cell sus-rons and suboptimal functioning of the surviving mature dopaminergic neurons are likely responsible for limited pension to obtain the majority of developing dopaminergic neurons (20) . This type of preparation has been functional recovery (35, 36, 43) .
Our laboratory has reported the presence of a large shown to contain a considerable number of developing serotonergic neurons (17). In addition, this area also number of well-developed nitric oxide synthase (NOS)containing neurons intermingled with dopaminergic neu-contains developing neurons of the interpeduncular nucleus, ventral tegmental area, red nucleus, ventral parts rons within long-term fetal nigral grafts (44). It has been 450 RAJAKUMAR ET AL. of the periaqueductal gray, and rostral aspects of the tion and collected in Hank's balanced salt solution (HBSS; Sigma). Under sterile conditions, the placenta pedunculopontine tegmental nucleus. A number of these areas have been shown to possess NOS-containing neu-was trimmed away, the amniotic sac was opened, and the fetus was placed in fresh HBSS. The skin and me-rons in the adult (52, 53) .
Therefore, in the present study, the influence of NO ninges were peeled away and the brain vesicles exposed. The mesencephalic flexure was isolated and its ventral on graft-derived dopaminergic function was investigated. In addition, the origin and structural and neuro-aspect containing the developing substantia nigra and ventral tegmental area was dissected as described by chemical characteristics of NOS-containing neurons within mature grafts were studied.
Dunnett and Björklund (20) (4 to 8 o'clock segment in a clock-face). Following dissection, each tissue piece was MATERIALS AND METHODS transferred to a sterile petri dish containing Earle's bal-Rat Model of Parkinson's Disease anced salt solution (EBSS; Worthington Biochemical Corporation, NJ, USA) at room temperature. In a second All experimental procedures were approved by the series of fetuses, following isolation of the ventral aspect institutional animal care committee and are in compliof the mesencephalic flexure, the midline portion of the ance with the Canadian and National Institutes of Health flexure (5.5 to 6.5 o'clock segment in a clock-face) was Guides for Care and Use of Laboratory Animals. Every dissected and discarded. The remainder of the ventral effort was taken to minimize pain and suffering to animesencephalic tissue was harvested. mals. Rats with unilateral striatal dopamine depletion Cell suspensions were made using the Papain Dissoproduced by stereotaxic injections of 6-hydroxydopaciation System employing a protocol modified from the mine (6-OHDA) into the medial forebrain bundle (MFB) manufacturer (Worthington Biochemical Corporation). were used as an animal model of PD (49). Adult, female
The collected ventral mesencephalic tissue was gently Sprague-Dawley rats (Charles River, St. Constant, Quetransferred into a sterile Eppendorf tube containing 1 ml bec) with body weight of 260-280 g were pretreated solution of 20 U/ml papain and 0.005% deoxyribonuclewith the noradrenergic uptake blocker, desipramine-HCl ase in EBSS. The solution was incubated at 37°C for 1 (25 mg/kg, IP; Sigma Chemical Co., St. Louis, MO).
h in a shaking water bath with gentle agitation. Tissue Twenty minutes following treatment, the animals were pieces were then dissociated by repeated trituration with anaesthetized with an IP injection of sodium pentobarbia sterile pipette tip, until the suspension became milky. tal (35 mg/kg; Somnotol; M.T.C Pharmaceuticals, Cam-
The suspension was centrifuged at 300 × g for 5 min. bridge, ON) and placed in a Kopf stereotaxic frame. A
The resulting pellet was resuspended in a solution of glass micropipette containing freshly prepared 6-OHDA EBSS containing 10% ovomucoid albumin and 0.005% solution (Sigma, 8 µg/4 µl in 0.5% ascorbic acid) was deoxyribonuclease and centrifuged again for 5 min at lowered into the left MFB stereotaxically [AP, 4.5 mm; 300 × g. Ovomucoid albumin stops the proteolytic ac-DV, 1.5 mm; ML, 1.5 mm from the interaural point tion of papain. The pellet was then resuspended in EBSS (42)] and 4 µl of solution was injected unilaterally. and the suspension was kept at 4°C and used for grafting Animal Selection for up to 2 h. Pellets from the entire ventral mesencephalon, and those from the ventral mesencephalon without Two weeks after the 6-OHDA injections, the rats the midline areas, were suspended in different volumes were tested for rotational behavior following an IP injecof EBBS to obtain a comparable density of cells tion of methamphetamine (2.5 mg/kg; BDH Chemicals, (ϳ40,000 cells/1 µl). Toronto, ON) as described by Ungerstedt and Arbuth-Cell viability was monitored for each suspension at nott (52). The rats were placed in a large Plexiglas box the beginning of the grafting session, using a vital dye (30 × 30 × 18 inches) and their rotational behavior was prepared by mixing equal parts of acridine orange and observed visually and counted for 15 min (between 15 ethidium bromide in physiological saline (10) . Viable and 30 min following injections of methamphetamine). and nonviable cells were counted using a hemocytome-Rats showing 10 or more ipsilateral rotations per minute ter. Only those suspensions with an initial cell viability were selected for the grafting experiments.
of more than 98% were used for grafting. On a few oc-Fetal Tissue Harvesting casions, viability was checked after 2 h and it remained over 95%. Sprague-Dawley time-pregnant rats with 14 days of gestation (the morning following detection of the vagi-Stereotaxic Surgery and Grafting nal plug was considered as day 0) were anesthetized with sodium pentobarbital (35 mg/kg, IP). The rat fe-A sterile, 10-µl Hamilton syringe attached to a stereotaxic tower was used for delivering the cell suspension. tuses (E14 days; crown-rump length 12-14 mm) were removed with the intact amniotic sac by caesarian sec-
The cell suspension was drawn into the tip of the needle, ensuring no air bubbles were present. Host rats were rotational behavior was visually monitored for a period of 45 min. anesthetized with sodium pentobarbital (35 mg/kg, IP, Somnotol) and burr holes were made at the coordinates, Perfusion and Fixation AP: −2 mm from bregma; ML: 3 mm (42). The injection Both normal adult rats (n = 8) and rats with grafts needle was lowered through the burr hole and 4 µl of were given an overdose of sodium pentobarbital (105 the prepared fetal ventral mesencephalic suspension was mg/kg, IP) and were perfused transcardially with 75 ml placed in the dopamine-depleted striatum (approxiof saline followed by 500 ml of fixative consisting of mately 160,000 cells/striatum). Rats grafted with sus-4% solution of freshly depolymerized paraformaldehyde pensions from the entire ventral mesencephalon and in 0.1 M phosphate buffer (PB; pH 7.4). Following perthose grafted with suspensions from the ventral mesenfusion, the brain was removed, placed in 18% buffered cephalon without the midline areas received an equal sucrose solution at 4°C for 24-48 h, and sectioned using number of cells per graft. Each animal received four dea freezing microtome (40 µm). posits of 1 µl of the cell suspension within a 2-mm vertical distance along the needle tract (DV 4-6 mm). The NADPH-Diaphorase Enzyme Histochemistry needle was left in place for 5 min after the last deposit.
NADPH-diaphorase (NADPH-d) histochemistry was The wound was closed with skin clips. Typically, four performed following the protocol of Vincent et al. (54) to five animals received transplants per session and a with minor modifications. Free-floating sections were total of 32 grafted animals (24 with entire ventral mesincubated in a solution consisting of 100 mM Tris-HCl encephalon, and 8 with ventral mesencephalon exclud-(pH 8.0; Sigma), 15 mM malic acid (Sigma), 0.2 mM ing the midline areas) were used in this study.
nitroblue tetrazolium (Sigma), 1 mM reduced NADPH (Sigma), and Triton X-100 in a light-tight chamber in a Administration of 7-Nitroindazole bacterial shaker at 37°C for 45 min. Sections were then and Behavioral Analysis washed three times in 0.1 M PB (pH 7.4). They were At 6 months postgrafting, rats received an injection dehydrated in an ascending series of ethyl alcohol, imof methamphetamine (2.5 mg/kg, IP; Sigma) and their mersed in chloroform (15 s), cleared in xylene, and rotational behavior was observed for 45 min. Those with cover-slipped with Entellan (Merck) mounting medium. complete recovery of rotational asymmetry were selected for further study (16 out of 24 rats grafted with Immunocytochemistry the entire ventral mesencephalon, and 8 out of 8 rats Bright-field immunohistochemistry was employed to that received ventral mesencephalon without the midline label tyrosine hydroxylase (TH) using well-characterareas). A separate group of animals that received similar ized mouse monoclonal antibodies (Sigma, 1:10,000) as 6-OHDA-induced unilateral lesions 6 months earlier but described previously (45) . In sections where NADPH-d did not receive any grafts were also tested for methamhistochemistry and immunohistochemistry were comphetamine-induced rotational behavior. Six groups of bined, immunohistochemistry was performed first folrats were used in the behavioral analysis: groups 1 and lowed by NADPH-d histochemistry. Fluorescent immuno-2-rats transplanted with the entire ventral mesencephalabeling was employed for colocalization of somatostatin/ lon and showing normalization of rotational behavior nNOS or choline acetyltransferase/nNOS. Sections were (n = 8, each); groups 3 and 4-rats transplanted with blocked and then incubated in a mixture of primary antithe ventral mesencephalon excluding midline areas and bodies [nNOS, 1:200, rabbit polyclonal (Santa Cruz); showing normalization of rotational behavior (n = 4, somatostatin, 1:200, rat monoclonal (Chemicon); or choeach); and groups 5 and 6-rats lesioned 6 months earline acetyltransferase (ChAT), 1:200, mouse monoclonal lier but never transplanted and showing rotational asym-(Biogenesis)] in PB at 4°C for 24 h. Sections were metry on methamphetamine challenge (n = 8, each).
washed in PB and then incubated in a mixture of fluores-A week after the methamphetamine challenge, rats cein isothiocyanate (494/518) conjugated goat anti-rabbit in groups 1, 3, and 5 were given an IP injection of 7antibody, and Lissamine-Rhodamine isothiocyanate (570/ nitroindazole (7-NI, Sigma, 50 mg/kg dissolved in di-590) conjugated goat anti-mouse or goat anti-rat antimethyl sulfoxide) while those in groups 2, 4, and 6 rebody (1:200, BioCan Scientific) in PB. Specificity of ceived injections of the vehicle dimethyl sulfoxide each of these antibodies was previously tested by omit-(DMSO, IP) alone. 7-NI is a specific inhibitor of neuting the primary antibody in similar reactions described ronal nitric oxide synthase (3, 13) . Systemic administraabove (45) . tion of 7-NI caused significant suppression of NO-medi-Data Analysis ated effects in the brain starting as early as 30 min and lasting several hours (38) . One hour later, they were in-
The number of TH-labeled and NADPH-d-containing neurons in sections of grafts was quantified by visually jected with methamphetamine (2.5 mg/kg, IP) and their counting the neurons in low-power (2.5×) photomicrographs of coronal sections taken at 200-µm intervals through the rostrocaudal extent of the graft. Because the differences in numbers were substantial, a more precise quantitative technique was not adopted. Rotational scores were also counted visually and correlated using a one-way ANOVA. Data are presented as mean ± SEM, where n is the number of animals in each group. Differences were accepted as statistically significant at p < 0.05.
RESULTS

TH-Immunoreactive Neurons in Animals With Entire Ventral Mesencephalic Grafts
TH immunolabeling showed numerous well-developed, densely labeled TH-immunoreactive cells distributed throughout the graft, particularly along its periphery ( Fig. 1A) . TH-immunoreactive cells were often seen in clusters. Two types of TH-positive cells were seen within the grafts. One type of neuron had a large, welldeveloped fusiform or multipolar cell body with long dendrites. The second type of neuron was small and had a spherical cell body (Fig. 1B) . The cell bodies of both types were densely labeled for TH immunohistochemistry. Approximately 70% of TH-labeled cells in the graft were of the second type.
NADPH-d-Containing Neurons in Animals With Entire Ventral Mesencephalic Grafts
NADPH-d histochemistry revealed a large number of labeled neurons (87 ± 16 NADPH-d-labeled neurons rons were stained very intensely and uniformly. These cells were few in number (8-10 per section) and were distributed throughout the graft. The second type con-NADPH-d histochemistry revealed that none of the neurons within the graft were labeled for both TH and sisted of large fusiform neurons (20-30 per section) with long, sparsely branched dendrites (Fig. 3B) . These NADPH-d. However, neurons labeled for TH were often intermingled with those labeled for NADPH-d. Numer-cells were also intensely and uniformly labeled. The third type consisted of moderately stained neurons ( Fig. ous NADPH-d-labeled varicosities were seen in close relation to TH-labeled cell bodies and primary dendrites 3A). The cell bodies of these neurons were spherical in shape and contained a rim of intense labeling in the ( Fig. 3B ). periphery with light labeling in the central area. Den-Cholinergic Neurons and Somatostatin-Containing drites of these cells were not labeled. These cells were Neurons in the Grafts abundant and were distributed throughout the graft (50-60 per section). The neuropil within the graft con-ChAT immunolabeling revealed a small number of labeled neurons (6-8 cells per section) within the graft. tained a large plexus of NADPH-d-labeled dendrites. Plexuses of thin, NADPH-d-labeled fibers were seen These cells were multipolar or fusiform and also possessed nNOS immunoreactivety (data not illustrated). throughout the graft and possessed numerous varicosities ( Fig. 3B) .
However, none of the ChAT-immunoreactive neurons in the host striatum were double labeled with nNOS, Double labeling with TH immunohistochemistry and indicating that these ChAT/nNOS-containing neurons seen within the graft were unlikely to be from the host. Somatostatin immunohistochemistry did not show any labeling within the graft, while a large number of neurons in the host striatum possessed somatostatin immunoreactivity. Double labeling for nNOS and somatostatin resulted in double-labeled neurons in the host striatum, but none of the nNOS-immunoreactive cells within the grafts showed somatostatin labeling, indicating that the nNOS-labeled neurons seen within the graft were not likely from the host striatum.
Neurochemical Characteristics of Grafts Derived From Ventral Mesencephalon Excluding Midline Areas
TH immunolabeling revealed numerous densely labeled TH-immunoreactive neurons distributed through- out the graft (Fig. 4) . However, the number of THimmunoreactive neurons was considerably lower in section) ( Fig. 4) . Virtually all NADPH-d-positive neu-OHDA lesions 6 months earlier but without subsequent grafting (Fig. 5 ). The extent of rotational asymmetry was comparable to that seen following methamphetamine challenge administered soon after lesioning in these animals, indicating that neither spontaneous recovery nor methamphetamine sensitization play a considerable role in modulating this behavior. Rats that were grafted with suspensions of either the entire ventral mesencephalon or the ventral mesencephalon without the midline areas showed similar behavior following methamphetamine challenge at 6 months postgrafting. Both of these groups of animals showed random locomotion to both ipsilateral and contralateral sides following methamphetamine, indicating complete recovery of rotational asymmetry. Pretreatment with 7-NI, an nNOS blocker, resulted in contralateral rotations following methamphetamine challenge in animals grafted with suspensions of the entire ventral mesencephalon (Fig. 5 ). It is important to note that these animals showed a complete recovery of rotational asymmetry following similar methamphetamine challenge the previous week. Pretreatment with the vehicle, DMSO, alone did not show any change in methamphetamine-induced rotational behavior in these rats. Interestingly, 7-NI pretreatment did not cause any significant changes in methamphetamine-induced rotational behavior in animals grafted with suspensions of the ventral mesencephalon without the midline areas compared to DMSO pretreatment. 7-NI pretreatment resulted in ipsilateral rotations following methamphetamine in rats The PPN contained a large number of neurons laplexus of NADPH-d-labeled processes (Fig. 4) . No sobeled for NADPH-d (Fig. 6A) . These neurons possessed matostatin-or ChAT-labeled neurons were present large, irregularly shaped, multipolar cell bodies that within the grafts.
were densely labeled. The neuropil contained a large Effects of 7-NI on Methamphetamine-Induced plexus of NADPH-d-labeled fibers. The nNOS-contain-Rotational Behavior ing neurons also showed ChAT immunoreactivity. Double labeling for nNOS and somatostatin revealed no Administration of methamphetamine resulted in ipsilateral rotations in animals that received unilateral 6-double-labeled cells in the PPN. 
NADPH-d Neurons in the Adult
DISCUSSION
Interpeduncular Nucleus
The present results show a large number of welldeveloped NADPH-d-containing neurons in long-term The interpeduncular nucleus (IPN) contained a dense NADPH-d-labeled neuropil and a large population of grafts derived from the entire ventral third of the fetal mesencephalon using conventional harvesting methods. NADPH-d-labeled neurons throughout its rostrocaudal extent. The most abundant type was the small, intensely
The morphological and neurochemical features of these NADPH-d-containing neurons were similar to the labeled, spherical or fusiform neurons (Fig. 6B ). Large numbers of neurons were also immunoreactive for NADPH-d-containing neurons of the adult VTA, IPN, and PPN, but not the striatum. The results also showed nNOS, but none of the nNOS-labeled neurons possessed somatostatin or ChAT immunoreactivity. a large number of NADPH-d-containing varicosities apposed to the dopaminergic neurons of the graft, indicat-NADPH-d Neurons in the Adult Ventral ing a possible interaction. NADPH-d activity is a reli-Tegmental Areas able marker of the presence of NOS (30) . Systemic administration of an nNOS blocker resulted in the ap-Among the dopaminergic centers of the midbrain, the ventral tegmental area (VTA) possessed the largest num-pearance of rotational asymmetry to the opposite side following methamphetamine challenge in animals that ber of NADPH-d-labeled neurons that were of two types (Fig. 6C, D) . One type, which possessed a spherical, received grafts from the entire ventral mesencephalon and previously showed graft-induced normalization of lightly labeled soma with a rim of intense labeling in its periphery, was abundant in the rostral part of the VTA rotational behavior. This indicates a potential modulation of graft function by NO. In the present study, meth- (Fig. 6C ). The second type possessed a large, fusiform shape and a uniformly labeled cell body with long den-amphetamine challenge was employed to assess graft function. Interestingly, a reappearance of rotational drites. This type was commonly seen in the caudal aspect of the VTA (Fig. 6D) . No nNOS/somatostatin or nNOS/ asymmetry was not seen in animals that received grafts derived from the ventral mesencephalon excluding the ChAT double-labeled neurons were seen in the VTA. midline areas, and previously showed graft-induced re-grafting in the first series of animals was obtained from the ventral one third of the mesencephalic flexure of E14 covery of rotational behavior. Moreover, grafts derived from the ventral mesencephalon excluding the midline fetuses, a site used by almost all investigators to harvest fetal dopaminergic cells for the past 25 years (9, 20, 39) . areas showed only a few NADPH-d-containing neurons. The present results suggest that NO derived from nNOS-In addition to the developing substantia nigra, this area also contains neurons that belong to most centers of the containing neurons that were inadvertently included in the graft derived from midline areas of the ventral mes-developing midbrain tegmentum, including dopaminergic neurons of the VTA and retrorubral area and encephalon may modulate graft function.
In the present study, the cell suspension used for NADPH-d-containing neurons of the IPN, VTA, and PPN. Therefore, the ventral mesencephalic tissue har-grafts placed in the dopamine-depleted striatum have been shown to receive glutamatergic innervation from vested using the conventional method of dissection likely includes developing neurons from these centers.
the host cerebral cortex (17). Moreover, fetal ventral mesencephalic explants express functional NMDA re-NADPH-d Neurons of the Grafts ceptors in culture (41) . Therefore, it is likely that the fetal nigral grafts in the present study contain NMDA The present study showed that a large number of NADPH-d-labeled neurons and a dense plexus of fibers receptors and glutamatergic fibers, and therefore may be able to activate the nNOS in the NADPH-d neurons to and varicosities were present throughout the graft. Interestingly, most of the TH-labeled neurons were observed produce NO. towards the periphery of the graft while NADPH-d neu-NO-Mediated Modulation of Graft Function rons were evenly distributed, including the core region of the graft. This indicates that the NADPH-d neurons
The present results showed that a large plexus of NADPH-d-labeled fibers and varicosities were distrib-may be able to survive in the core of the graft, a region more likely to experience ischemia during the early pe-uted in close proximity to TH-labeled dopaminergic neurons of the graft. Even though the methods employed riod of graft development (40) . It has been shown that NADPH-d-containing cells are relatively resistant to ex-in the present study were unable to reveal synaptic contacts, it is possible for NO to exert effects on dopaminer-citotoxicity and ischemia in the adult brain (6, 51) . A similar density of NADPH-d-labeled neuropil was seen gic neurons even in the absence of synaptic contacts as NO has been shown to diffuse through neuronal mem-in the grafted and the contralateral striatum, suggesting that the large number of well-developed NADPH-d-brane in vivo in normal brain (55) . It is also noteworthy that NO suppresses basal release of dopamine in the nor-labeled neurons seen in the graft may not send their axons into the host striatum. mal striatum (28) . Administration of methamphetamine is known to in-The present data did not show colocalization of somatostatin and nNOS within the graft, while all nNOS-crease the release of monoamines, including dopamine, from synaptic vesicles. Following unilateral 6-OHDA containing host striatal neurons possessed somatostatin immunoreactivity. We have previously shown that 100% lesions, methamphetamine releases relatively more dopamine within the intact contralateral striatum compared of striatal NADPH-d-containing neurons also show somatostatin immunoreactivity (46). Migration of grafted to the lesioned striatum and causes an imbalance between the output of the right and the left basal ganglia, fetal neurons into the host striatum has been shown previously, but mature striatal neurons have not been found resulting in rotational behavior towards the lesioned side. Normalization of the methamphetamine-induced to migrate into the graft at any time (26) . Therefore, the NADPH-d neurons seen within the graft are unlikely to rotational behavior following grafting suggests that graft-derived dopaminergic innervation compensates for originate from the host. In agreement with this, only a few NADPH-d-containing neurons were seen in grafts the dopamine imbalance in both types of grafts, indicating that the exclusion of midline areas from the graft is derived from the ventral mesencephalon excluding the midline areas. These neurons did not show somatostatin not detrimental to graft functioning. In the present study, grafted animals showing virtually normalized rotational immunoreactivity and their morphological features were completely different from striatal NADPH-d neurons.
behavior following methamphetamine challenge were treated following a week with the nNOS-specific Do NADPH-d Neurons of the Mature Grafts blocker 7-NI or its vehicle DMSO and were rechal-Produce NO? lenged with methamphetamine. Following 7-NI pretreatment, those animals grafted with suspensions from the The present study did not directly address the possibility that NADPH-d neurons in the graft produce NO. entire ventral mesencephalon showed methamphetamine-induced rotations towards the contralateral side, However, the appearance of methamphetamine-induced contralateral rotations following 7-NI treatment strongly while animals grafted with suspensions from the ventral mesencephalon excluding midline areas did not show ro-indicates the presence of graft-derived NO.
The neuronal form of NOS is constitutively ex-tational asymmetry, indicating relatively higher dopamine levels on the grafted side compared to the opposite pressed in all NADPH-d-containing neurons in the brain (30) . However, nNOS should be activated in order to striatum. Although unlikely, changes in postsynaptic mechanisms and effects outside the striatum cannot be catalyze L-arginine to produce NO (25). Increased intracellular calcium is a known activator of nNOS (1) . Sus-excluded. Methamphetamine sensitization due to repeated exposure did not likely alter the rotational behav-tained activation of N-methyl-D-aspartate (NMDA) receptors is a common mechanism whereby massive ior, as the DMSO-treated animals did not show any changes in rotational behavior following similar meth-influx of Ca 2+ ions is caused in neurons (48) . Fetal nigral
